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Abstract: After the third prezygotic division during conjugation of Paramecium caudatum, migratory and stationary 
pronuclei are produced. The migratory pronuclei remain in the paroral region tightly against the conjugating boundaries; 
while the stationary pronuclei are located beside the migratory pronuclei. To date, however, it is not clear what causes this 
close side-by-side localization between migratory and stationary pronuclei. In the current study, immunofluorescence 
staining with monoclonal antibody of anti-o tubulin indicated that “U” or “V” shaped spindles connected the migratory 
and stationary pronuclei during the third prezygotic division. This observation accounts for the close localization between 


these two types of pronuclei. 
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Paramecium caudatum is a worldwide ciliate species 
with conjugation, one kind of sexual reproduction. Like 
other ciliates, P. caudatum has a polygenomic somatic 
macronucleus and a diploid germinal micronucleus, both 
of which are derived from synkaryon (fertilized nucleus) 
division products (Prescott, 1994; Wichterman, 1986). 
During conjugation, there are three micronuclear 
prezygotic divisions before synkaryon formation. The 
first two are meiotic, whereby the micronucleus divides 
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twice successively to form four haploid nuclei. The third 
is mitotic, whereby one meiotic product divides once 
yielding a migratory pronucleus and a stationary 
pronucleus. The migratory pronuclei remain in the 
paroral region tightly against the conjugating boundaries. 
So far, however, there have been few detailed 
descriptions in regards to the stationary pronuclei, 
determined that 


stationary pronuclei are located near the migratory 


although previous studies have 
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pronuclei (Nanney, 1980; Wichterman, 1986; Nakajima 
et al, 2001; Santos et al, 2000; Watanabe et al, 1996; 
Yang & Shi, 2007). This close localization between the 
two types of pronuclei should benefit the transferred 
migratory pronuclei to recognize and fuse with the 
stationary pronuclei to form synkarya. However, it is 
unknown what makes this close localization between two 
pronuclei, which is addressed in the current study. 


1 Material and Methods 


1.1 Chemicals and stock solutions 

Monoclonal antibody of mouse anti-a tubulin, 
FITC-conjugated goat anti-mouse Ig G, propidium iodide 
(PI), 4% paraformaldehyde, 0.5 mol/L EGTA (pH 8.0), 
Triton-X 100, and RNase A were purchased from the 
Beyotime Institute of Biotechnology (Haimen Jiangsu, 
China). Other chemicals were obtained from the 
Hangzhou Dafang Chemical Reagent Inc (China). 
1.2 Cell culture and induction of conjugation 

Two complementary mating types of P. caudatum 
were collected from East Lake Campus of Zhejiang A & 
F University (China). Cell culture and conjugation 
induction followed previous descriptions (Hiwatashi, 
1968). Conjugating pairs were isolated by iron-dextran 
particles (Yang & Takahashi, 1999). 
1.3 Immunofluorescence staining 

The protocol of immunofluorescence staining with 
monoclonal antibody of anti-a tubulin is as follows: 1) 
Cells were fixed in 2% paraformaldehyde diluted in 2 
mmol/L phosphate buffer (pH 7.0) containing 25 
mmol/L KCl (PBS). 2) Fixed cells were rinsed three 
times with washing buffer (PBS containing 5 mmol/L 
MgSO,, 2 mmol/L EGTA, and 0.05% Triton-X 100). 3) 
Cells were blocked with 1% BSA dissolved in 5 mmol/L 
NH,Cl. 4). Cells were incubated overnight in 1 000 X 
diluted monoclonal antibody of anti-o tubulin containing 
10 pg/mL RNase A. 5) Cells were incubated for 2 h in 
500 x diluted FITC-conjugated goat anti-mouse Ig G 
containing 2.5 ug /mL PI after three rinses. The stained 
cells were observed under a fluorescence microscope. 
All experiments were performed at room temperature (~ 
25°C) (Yang & Takahashi, 2002). 


2 Results 


To determine the reason for the close localization 
between migratory and stationary pronuclei, conjugating 
pairs before synkaryon formation were immunostained 
with monoclonal antibody of anti-a tubulin, by which 
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micronuclei and spindles were stained but macronuclei 
were not (Ishida et al, 1999). The spindles and nuclei on 
the telophase of three prezygotic divisions were 
compared. 
2.1 The First and the second prezygotic divisions 

At the first prezygotic division, the anti-a tubulin 
antibody recognized long and slender spindles 
(arrowheads in Fig. 1A), while the PI staining indicated 
two meiotic products distributed randomly in the 
cytoplasm (arrows in Fig. 1B). Merged pictures of Fig. 
1A and B showed the co-localization of microtubules 
and micronuclei in orange (arrows in Fig. 1C). At early 
telophase of the second prezygotic division, as with the 
first prezygotic division, both slender spindles and four 





Fig. 1 Meiotic products and spindles during the meiosis of 
Paramecium caudatum as indicated by double 
staining of FITC and propidium iodide (PI) 

(A, D, G) Images indicated by anti-a tubulin antibody followed by FITC- 
labeled goat antimouse Ig G. (B, E, H) Images of PI. (C, F, I) Merged 
images of FITC and PI. Three pictures in each row (A, B, C), (D, E, F) and 
(G, H, I) are the same cell. (A, B, C) Telophase of the first prezygotic 
division. (D, E, F) Early telophase of the second prezygotic division. (G, H, 
I) Late telophase of the second prezygotic division. Arrows: meiotic 


products. Arrowheads: spindles. Ma: old macronuclei. Scale bar = 20 um. 
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randomly distributed meiotic products were observed 
(Fig. 1D-F). At late telophase of the second prezygotic 
division, slender and long spindles were observed and at 
least one meiotic product was observed in the paroral 
region (Fig. 1G-I). 
2.2 The third prezygotic division 

After meiosis, only one meiotic product survives in 
the paroral region, which undergoes mitotic division (the 
third prezygotic division) to produce migratory “male” 
and stationary “female” pronuclei, while the other three 
meiotic products undergo apoptotic degeneration (Gao et 
al, 2010; Hiwatashi & Mikami, 1989; Yang et al, 2007). 
The prospective migratory pronuclei (yellow arrows) and 





Fig. 2 Prospective migratory pronuclei, stationary pronuclei, 
and connecting spindles of Paramecium caudatum as 
indicated by double staining of FITC and PI 

(A, D, G) Images indicated by anti-a tubulin antibody followed by FITC- 
labeled goat antimouse Ig G. (B, E, H) Images of PI. (C, F, I) Merged 
images of FITC and PI. Yellow arrows: prospective migratory pronuclei. 
Blue arrows: prospective stationary pronuclei. White arrows: degenerating 
meiotic products. Circles: “U”- or “V”-shaped connecting spindles between 


two pronuclei. Ma: old macronuclei. Scale bar = 20 um. 


stationary pronuclei (blue arrows) were recognized by 
both the anti-o tubulin antibody and PI (Fig. 2), while the 
degenerating meiotic products were only recognized by 
PI (Fig. 2B, E, and H). The slender spindles connecting 
migratory and stationary pronuclei were recognized by 
the anti-o tubulin antibody and showed “U”- or “V”-like 
shapes (Circles in Fig. 2A, D, G). The prospective 
migratory pronuclei maintained their locations in the 
paroral region (yellow arrows in Fig. 2). The migratory 
pronuclei in the two cells of a conjugating pair almost 
overlapped in the paroral regions, while the prospective 
stationary pronuclei were located beside the migratory 
pronuclei (blue arrows in Fig. 2C, F and J). At late 
telophase of the third prezygotic division, migratory 
pronuclei and stationary pronuclei were detached from 
the spindles (Fig. 2G-I), while side-by-side localization 
between both pronuclei showed no obvious change 
(compare Fig. 2C, F with I) 


3 Discussion 


Many studies on conjugation of P. caudatum have 
been conducted since the discovery of the organism 
(Calkins & Cull, 1907; Hiwatashi & Mikami, 1989; 
Maupas, 1889). There have also been several studies by 
immunofluorescence staining with anti-a tubulin 
antibody (Ishida et al, 1999; Nakajima et al, 2001, 2002; 
Yang & Takahashi, 2002). Some new details were 
observed in the current study after conjugating pairs 
during the three prezygotic divisions of P. caudatum 
were immunostained with anti-o tubulin antibody. 1) 
Long and slender spindles during meiosis were observed 
(Fig. 1A, D, G). 2) At late telophase of the second 
prezygotic division, at least one meiotic product was 
located in paroral region (Fig. 1H, I). 3) At telophase of 
the third prezygotic division, the connecting spindles of 
migratory pronuclei and stationary pronuclei showed 
“U”- or “V”-like shapes (Fig. 2). 

In fact, “U”-shaped spindles connecting migratory 
and stationary pronuclei during the third prezygotic 
division have also been observed in P. polycaryum 
(Yang & Shi, 2007), and “U”- or “V’-shaped spindles 
have been indicated by protargol in P. caudatum (Gao et 
al, 2011). If connecting spindles between prospective 
stretched 
straightly, the two pronuclei will be located far from 
each other. However, “U”- or “V”- shaped spindles 


migratory and stationary pronuclei are 


allows the two pronuclei to be located side-by-side, 
which should help transferred migratory pronuclei to 


464 Zoological Research 


easily recognize and fuse with stationary pronuclei to 
complete synkaryon formation, the most important 
process Side-by-side 
localization of the two pronuclei has been observed in 


during sexual reproduction. 


Tetrahymena and other species of Paramecium (Snatos 
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